Yoghurt is the common fermented dairy product consumed worldwide and it is considered a potential source of probiotic bacteria (Lactobacilli and Lactococci). To assess the in-vitro probiotic properties of lactic acid bacteria, Lactococcus lactis subsp. lactis, Lactobacillus delbrueckii and Lactobacillus plantarum species isolated from yoghurt sold in different local markets of Chittagong region in Bangladesh were examined by morphological characteristics and biochemical tests. In the preliminary test, all isolates were grown well at acidic pH (pH 3-5) while the optimum growth temperature was 37°C and better growth was observed in the presence of 1-8% NaCl concentrations. In addition, the selected isolates were able to survive up to 3% bile salt concentrations while the best tolerance was at 1% bile salt. The strains successfully inhibited the growth of common pathogenic bacteria likely Escherichia coli, Pseudomonas aeruginosa, Salmonella Paratyphi, Staphylococcus aureus and Bacillus subtilis examined by in vitro growth inhibition test. Most of the isolated strains exhibited resistance pattern against ten commonly used antibiotics in foodborne illness in the country. However, the strains in yoghurt sold at Chittagong city have ideal probiotic characteristics and this fermented dairy product could be a potential source of human probiotic bacteria.
Introduction
Yoghurt, a fermented dairy product, is widely consumed all over the world. The lactic acid fermentation of milk lactose produces sour taste of yoghurt which has an effect on milk protein as well as texture of yoghurt (Zourari et al., 1992) . Probiotics are live microorganisms thought to be beneficial to the host organism (Aslam and Qazi, 2010) . Probiotics are defined as live microorganisms, including Lactobacillus species, Bifidobacterium species and yeasts that may beneficially affect the host upon ingestion by improving the balance of the intestinal microflora. Probiotics are commonly consumed as part of fermented foods with specially added active live cultures; such as in yoghurt, soy yoghurt, or as dietary supplements. With elapse of time, various types of bacteria have been used as probiotics. They have dynamic assistance of the immune system and can facilitate in the dealing of a various conditions such as lactose intolerance, diarrhea (Yan and Polk, 2006) , colitis, hypertension, cancer, constipation, food allergies, irritable bowel syndrome and other intestinal tract infection. Probiotic bacteria can produce various compounds such as organic acids, bacteriocins and reuterin. These compounds have inhibitory effects on the growth of pathogenic bacteria (Tambekar and Bhutada, 2010b) . Lilly and Stillwell (1965) reported that lactic acid bacteria (LAB) show the probiotic properties and they are Grampositive, non-spore forming, cocci or rods, catalasenegative and can cause lactic acid fermentation. Lactic acid bacteria are naturally occurring and non-pathogenic to human and animals (Patil et al., 2010) . Most of the lactic acid bacteria are used as probiotics. Lactobacillus species are most commonly used group within the group LAB for their potential probiotic properties. The growth of a large number of enteric and urinary pathogenic bacteria is suppressed by the adverse effect of lactic acid bacteria (Hutt et al., 2006) . Yoghurt made from cow milk is one of the traditional fermented dairy products in Bangladesh and usually consumed as desert by large number of population. Yoghurt may contain large number of probiotic bacteria which have the beneficial health effects revealed by the study conducted by Salminen (1996) . The aim of this study was to isolate and identify probiotic bacteria from yoghurt and characterize the probiotic properties of the isolates.
Materials and method

Collection of Samples
A total 30 different branded yoghurt made from pasteurized cow milk was collected from different super shops. All of the samples were immediately transferred to sterile deMan Rogosa and Sharp (MRS) broth in sterile screw capped test tubes. Then the samples were transported to the laboratory as soon as possible in an insulated foam box with ice to maintain a temperature ranging from 4°C to 6°C.
Isolation and Identification of Lactic Acid Bacteria
Lactic acid bacteria were isolated from yoghurt by using MRS medium. MRS broth media were inoculated with yogurt sample. About one gram (properly agitated) of each yoghurt sample was inoculated into 100 ml of MRS broth at pH 6.0. Then the inoculated broth was shaken and incubated at 37°C for 24 hours. To obtain pure cultures, the cultures with MRS broth were subjected to make subcultures. Five subcultures were made with MRS broth at 37°C under low pH (pH 5.0) by using anaerobic jar. Then the bacterial culture was streak onto MRS agar media and incubated at 37°C for 24-48 hours in an inverted position. Finally, the pure whitish single colony of lactic acid bacteria was isolated by examining the colony morphology and some biochemical tests (Gram staining, motility, indole, catalase and oxidase). The isolated bacteria were identified ( (Buchanan and Gibbons, 1974) .
Test Pathogens
Five pathogenic bacteria including both Gram positive (Bacillus subtilis and Staphylococcus aureus) and Gram negative (Escherichia coli, Salmonella paratyphi and Pseudomonas aeruginosa,) bacteria were used in this study.
Screening of the Isolates for Antimicrobial Activity by Agar well Diffusion Method
To evaluate the effects of growth inhibition of the test isolates by agar well diffusion method, Mueller Hinton agar plates were heavily seeded uniformly with the test pathogenic organisms. By using sterile gel cutter well (8 mm in diameter) was prepared in solid media. The base layer of the well was made by using one drop of melted agar into it and then allowed it to solidify. Then the well was poured with specific amount of culture filtrate (0.1 ml) and plates were kept at low temperature (4°C) for 2-4 hours to allow maximum diffusion. Then plates were incubated at 37°C for 18-24 hours at inverted position. The antibacterial effect of the isolates was examined by measuring the zone of inhibition (Bauer et al. 1966) .
Probiotic Properties of the Isolates pH Tolerance:
The isolated cultures were inoculated into MRS broth tubes at different pH ranges, i.e. pH 2, 3, 4, 5, 6, and 7 and incubated at 37°C for 48 -72 hrs. From each tube 0.1 ml of inoculated culture was poured into MRS agar medium by using pour plate method and incubated at 37°C for 48 hrs. The growth of different culture on MRS agar media was examined to measure the pH tolerance of the isolated culture.
Bile salt tolerance: MRS broth was prepared with varying concentration (i.e.; 1.0%, 2.0% and 3.0%) of bile salt. Then the medium was dispensed at 10 ml per tube. Inoculation was done with the selected isolates. After inoculation with equal amount of inoculums the tubes were then incubated at 37°C for 48 hours. After incubation 0.1 ml of culture from each concentration was used to grow in agar medium by pour plate method. The plates were then incubated at 37°C for 24 hours and observed for comparative growth in these plates (Tambekar and Bhutada, 2010a) .
Temperature sensitivity: The selected isolates were inoculated into different MRS broth tubes and incubated at different temperatures, i.e. 25, 30, 37, 40, and 45°C for 48 hours. By using pour plate method the isolates then cultured on agar medium. The plates were then incubated at 37°C for 24 hours and observed for comparative growth in these plates (Tambekar and Bhutada, 2010a) .
NaCl tolerance: The selected isolate was inoculated with different sterilized MRS broth tubes with different NaCl concentrations (1 -10%) and incubated at 37°C for 24 hours. After incubation 0.1 ml of culture from each tube was used to grow in agar medium by pour plate method. The plates were then incubated at 37°C for 24 hours and observed for comparative growth in these plates (Tambekar and Bhutada, 2010a) .
Sugar fermentation test: Isolated organisms were evaluated with fermentation tests of some carbohydrates and sugar alcohols. Different carbohydrates and sugar alcohols were used in this fermentation tests i.e., arabinose, glucose, fructose, galactose, sucrose, lactose, starch and mannitol. The test organisms were inoculated into a broth containing the test sugar and incubated at 37°C for 48 to 96 hours. A bright yellow colour indicates the production of enough acid products from fermentation of the sugar to drop the pH to 6.9 or less. Gas production was investigated with a Durham tube, a small inverted vial filled with the carbohydrate fermentation broth. Yellow colour or yellow colour with gas bubble was considered as positive result and red colour with no gas bubble was considered as negative result.
Assay of Antibiotic Sensitivity Pattern
To assess the antibiotic sensitivity pattern disk diffusion method was followed. In this method Mueller Hinton plates were prepared and swabbed with suspension of selected isolates with the help of sterile cotton bud. After swabbing the antibiotic disks (azithromycin, ceftriaxome, amoxycillin, kanamycin, cefixime, cephalexin, streptomycin, meropenem, cefaclor, amoxyclav), they were placed on the surface of the plate at equal distance. The plates were then kept at 4°C for 1-2 hours for proper diffusion of antibiotics. The plates were then incubated for 18-24 hours at 37°C. The zone of inhibition was observed for antibiotic sensitivity or resistance and zone diameter was measured (Bauer et al., 1966) . 
Results
Isolation and Identification of Bacteria
YC1 + - - - - - YC2 + - - - - - YC3 + - - - - - YC8 + - - - - - YC10 + - - - - - YN3 + - - - - - YN6 + - - - - - YN7 + - - - - - YN9 + - - - - - YCx3 + - - - - - YCx4 + - - - - - YCx6 + - - - - - YCx7 + - - - - - YCx9 + - - - - - YCx10 + - - + - + Note: + = Positive; -= Negative
Antimicrobial Activity by Agar well Diffusion Method
The antibacterial activity of the isolates was determined by measuring the zone of inhibition expressed in mm in diameter (Table 3) .
Probiotic Properties of the Isolates
In this study the selected isolates were unable to grow at high acidic pH (pH 3 and pH 2) but were able to grow well at lower acidic pH (pH 4, 5, 6 and 7) ( Table 5) . These selected isolates were also able to survive in 1%, 2% and 3% bile salt concentrations (Table 5 and Table 6 ). All the selected isolates were able to grow well at temperature 25, 30, 37, 40, and 45°C (Table 5 ). In this study the entire selected lactic acid bacterial isolates were capable to survive 1-8% NaCl concentration (Table 5 ). In the selected isolates, most of them were positive sugar fermenters while least numbers of isolates were negative sugar fermenters (Table 7) .
Assay of Antibiotic Sensitivity Pattern
Antibiotic susceptibility pattern of selected isolates was investigated by using disc diffusion method to observe the inhibitory effect of any antibiotics against them (Table 4) . 
Discussion
For the isolation of probiotic bacteria, yoghurt samples were collected from different places of Chittagong division, Bangladesh. A total of 15 bacterial cultures were isolated from the collected yoghurt samples where 3 specific isolates (Lactococcus lactis subsp. Lactis, Lactobacillus delbrueckii and Lactobacillus plantarum) were identified on the basis of their morphological and biochemical characteristics.
pH has dramatic effect on the bacterial growth. In this study, the growth of selected isolates was investigated in various pH ranges (pH 2-7). The study result showed that the selected isolates were grown at pH 3 to pH 7. The findings of this study were similar with the study result conducted by Harun-ur-Rashid et al. (2007) . Lactobacillus plantarum can produce lactic acid and reduce the pH to values lower than 4.0 (Rao et al., 2004) . This present study results exhibited that the isolates were grown well at different temperatures i.e. 25°C, 37°C and 45°C, but Lactobacillus delbrueckii (YCx6) and Lactobacillus plantarum (YN3) were grown excellently at 37°C (Table-3 .5). This study result was very much similar to the study driven by Sakala et al. (2002) . NaCl has inhibitory effect on the growth of certain types of bacteria. The test isolates were able to survive at 1-8% NaCl concentrations and the better growth of Lactobacillus delbrueckii (YCx6) was found at 3% NaCl concentration. Murray (1990) observed that 56% of Lactococci tested were able to grow on 6.5% NaCl. Ibourahema et al. (2008) reported that Lactococcus lactis was the most tolerant to high NaCl concentration compared to the other isolates. Hoque et al. (2010) reported that Lactobacillus sp. isolated from yoghurt were able to tolerate 1-9% of NaCl concentrations. In this experimental study, 1-3% of bile salt concentrations were used and the isolates were able to survive at these concentrations. Bile salt concentration has an adverse effect on the growth of bacteria. The present experimental investigation showed that all the isolates were grown well at 1% bile salt. Tambekar and Bhutada (2010a) revealed that isolates were acid tolerant at pH 2, bile salt tolerant at 2% bile salt concentration. Todrov et al. (2007) reported Lactococcus lactis subsp. lactis HV219 was grown well in the presence of 0.3% and 0.6% of bile, but not at higher concentrations which was similar to this present study. In this experimental study, the isolates were tested against some selected pathogenic bacteria to investigate the inhibitory effects of the isolates on the growth of pathogenic bacteria. The study results showed similarity with other research done by Margaretha et al. (2013 (Nowroozi et al., 2004) . The antagonistic effect of Lactococcus lactis subsp. lactis against Salmonella sp. and E. coli was investigated in the study conducted by Yateem et al. (2008) which supports the present study findings. Antibiotic susceptibility pattern of selected isolates was done by disc diffusion method. A total 10 different antibiotic discs was used to examine the antibiotic susceptibility pattern of the selected isolates. In this study Lactococcus lactis subsp. lactis (YC1) showed sensitivity against azithromycin (23 mm), kanamycin (20 mm), meropenem (28 mm) and amoxyclav (21 mm) while Lactobacillus delbruekii was sensitive to streptomycin (21 mm) and amoxyclav (32 mm). On the other hand, Lactobacillus plantarum was sensitive to azithromycin (26 mm), kanamycin (21 mm), streptomycin (22 mm), meropenem (37 mm) and amoxyclav (37 mm). The antibiotic sensitivity pattern of the isolates was categorized in three groups i.e., sensitive, intermediate and resistant. Majority of the selected isolates were resistant to the test antibiotics. The group of probiotic strains which is resistant to antibiotics might be applied in quest of controlling intestinal tract infections for both preventive and therapeutic purpose (Tambeka and Bhutada, 2010a) .
Conclusion
In conclusion, this experimental study showed that yoghurt is a potential source of probiotic bacteria (Lactobacilli and Lactococci sp.). They colonize the gastrointestinal tracts of humans and animals, and are present in foods such as dairy products, fermented meats, fruits and vegetables. They are also intentionally added to several probiotic products because of their potential health benefits. Finally it can be said that the selected Lactobacillus sp. and Lactococcus sp. found in this study have the potential to be used as a probiotics in near future. Further study on these isolates will help to detect the genes responsible for therapeutic activities and this type of research will help to design more probiotic agents to control numerous diseases and at the same time it will ensure the safe and healthy human civilization.
